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Abstract. 'This paper summarizes work in progress to
define andimplement a risk manageinent process
tailored 1o a low-cosl, high-risk NASA missionthe
Microrover Flight Experiment (MEFEX, commonly
called the Mats microrover). The tailored 1<}
management process is described along witk 1 ¢
extensive data collection, documental ion, and
quantitative analyscs that are being perfonmed This
effort has the explicit purpose of trying, cvaluating, ¢nd
documenting new risk management techniques so as 1o
help not only the MFLX mission, but future missions in
the same risk class.

MIEXRISK MANAGEMENT PROCLSS AN 1)
ACTIVITIES

‘The Microrover Flight Experiment (M 1°1 X0
involves a smal, semi-autonomous robotic vehiclot
be flows on the Mars Pathfinder (formeily known ac
MI:SUR Pathfinder) mission to belaunchedinl9u6
Mats Pathfinder issponsored by the NASA Oflicc of
Space Science (Code S), while the MEEXas sponsoned
by the NASA Office of Advanced Conicepns and
Technology (Code C).  The MFEX microrover i
designed to move away from the Landcipar | ofthe
Pathfinder spacecrafl, image the Landcr, place an
Alpha Proton X-ray Spectrometer (APXS)onMat [1 1
rocks and soil, and perform a variety of techuclo.y
experiments.

The MIFEX risk management activitics Tocused on
the following major risk catcgories: rest, schedule,
performance, and operability. Cost risk is consider ed
important because the MEEX has a fixed budget of
$25M(RY$) over its entire life cycle. Schedulcl isk
arises becausc the microrover must be integy ated i te
the Mars Pathfinder spaccerafl, which itself mustincet
the 1996 launch date. Performance risks arisciors
varicly of recasons: design constraints 011 volume, ina .
and power for both the microrover and its scictice

payload, microrover interfaces with the Pathfinder
spacecraft, and usc of commercial and Mil-Spec parts.
Operability nsks arise because of an unknown landed
configuration for the | .ander, use of new approaches to
command, control, and communicat ion, and uncertain
environmental conditions.

‘1 he general risk management process followed by
the MFEX is that described in NHB 7120.5,
Merwagement of Major System Programs and Projects
(Codc AD), November 8,1993, and SP-6 105, NASA
Systems Ingincering Handbook (Code I' T),Junc1995,
‘1 heprocess consists of fear overlapping stages risk
planning, risk identification and characterization, risk
analysis, and risk mitigation and tracking. Although
theM | EX istoosmall aproject (by criteriaset forthin
NHB 7120.9) to require a forma Risk Management
Plan, the MFLX team developed an informal plan.
This plan included the following activities:

Risk Identification and Characterization:

(& Independent technical  assessment

(b) Py gect team technical assessment

(c) Ixamining 1isk tea~platcs/lessons learned
documents from previous projects

Risk Analysis:

(d) Costrisk analysis (described in this paper as the
Cost Uncertainty Questionnaire)

(c) Operationsscenario simulation (described in this
paper as the lLanded Mission Operations
Scenatios)

(f) Tailure Modes, FfTects, and [criticality Analysis
(I'MECA)

Risk Mitigation and ‘I racking:

(£) Contingency planning, (described in this paper as
the 1 .anded Mission  Operations Response
Strategies)

(h) Watchlist (desctibed in this paper as the MFEX



Risk Management Data Basc)

(i) Technical Performance Measur ¢ (11'M) tre Kin
and marg, in management

(3) Schedule float (critical path) track ing at |
management

Activities (a), (b), and (c) were conductedan
completed prior to MEEX Authority 10 Proceed (AT 11
to {ull-scale development  Activities (4), (¢), ar 1 (s
were first conducted priotto A'1'], andwillconting
throughout the project cycle. The remaining a tivtic
were instituted following Al”P, buthad the b wehit o
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Figure 1shiows the process for making risk
management (unshaded boxes in the figure) integral 10
the MFEX systems engincering effort.  The risk
wanageiment activities above map into the boxes in
Figure 1. For example, the cost risk analysis box in the
f1gure is acconplished by performing the Cost
U lncertainty Questionnaire.  Sometimes, several
activitics are linked to a particular figure box, asisthe
casc for the tech nical visk assessment. The following
cxampleillustrates this process flow.  The Mars
Pathfinder projecthas defined its mission heeds for the
microtover. These are to deploy scicnce instruments
andto
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Figure 1 Process for Integrating Systens Engineering and Risk Management

early planning and “start up” work prior to A1, 11, cse
activitics arc also expected to continue thr oug hio ltthe
project cycle.

Results and products of the continu mig 1ok
management activities arc reported periodically to the
MFPEX team leader. Sonic, like TPM tacking/an uyin
management results, arc updated as changes accasud
areteported regularly in the Microroveriect v al
Bascline Report. Others, like the cost1 isk anilys is
(which requires more extensive inputs fi on the
subsystem engincers), arc conducted piiorto majm
reviews so that the results can bc exatninedinconcert
with otherinformation. Each ncw O1 updated analyas
is repot ted in an MYPEX Risk Management I'F o, ¢
Report, atotal of four of which have been dehveradto
date under this cftot.

image the Lander to determmine its condition.
Oniginally, the science desire was for the microrover to
deploy a seismometer, and to carry both an Alpha
Praton X-1ay Spectrometer (A PXS)and a neutron
spectrorneter A microrover design assessment
indicated thata microrover which was capable of fitting
within the MFEX cost cap was not capable of carrying
cven the hghtest seisinometer.  Further, the Mars
Pathfindes science budget could not support the neutron
spectrameter.  Therefore, a capabilities assessment
climinated these two instrar nents.  The requirements
analysis led to a requiremnents agreement between the
Mars Pathfinder project and MPEX for a microrover
capable of canrying the APXS and placing it on rocks
and soil.

In conjunction with the requircinents agrecment,
criteiia were established to define MFEX technical



mission success. These criteriaaic: (1 ypeifor
complete set of technology experiments i onesol
type, (?) measurc one rock with the APXSandiviagy
that rock, (3) produccone full cross sectiosntuaye o
the lander, and (4) do two more SOl types,inothe
rock measurement With the APXS, and thieonon
Lander images if possible. Ninety percent te. hnica’
mission success was assigned to doing (1), (?), #16(3)
with equal weight to each; an additionaltcnyici, e
technical mission success was assigned to thic extended
mission tasks in (4). These ctiteria established a
technical mission success metric.

The requirements analysis was ref ined (Cinploying
landed mission operations scenarios) to determing wiiat
functional and pet formance capabilitics wer ¢ v ced
by the microrover in order (o achicve a scicntitically
successful mission -- that is, deploy the APXS und
perform the other technology tasks describedabave.
As part of the ongoing successive rcfinciientof the
microrover design, technical risk assesstnontswere
made at mcreasing levels of detail, and poten hal
failures were identified. For each potential failarc, 15k
nitigation actions were developed, }'orexamnple, the
APXS might not be properly placed ontherock The
risk mitigation plan was then amcndedtoinlude
designing and testing prototype APXSdeploymnit
mechanisms.

Planning for risk mitigation includes estimating
the costs (and schedule implications) of visk rtig ation
actions, as well as the likelihood that the M+ X lile-
cycle cost will exceed the cost cap ($25M) bee av e of
the identified technical and schedule risk facton. in
some instances, TPM tracking provides aniudicatin of
the urgency of implementing risk mitigation plan«and
actions. These assessments are used to allocate MITX
reserves.  Allocations arc made asproblems ail.
encountered  Forexample, after testing the A I'>;1>
deployment mechanisms (an actioninthe ri .k
mitigation plan), the likelihood of mechanisimfastuenn
properly position the APXS may be rcassessed, and
reser VCS allocated to cover the CoStS of prowiding 1o
longer APXS operation times to make. up forpos-ible
misalignment.

l.anded mission operations scenariosai C the
primary tool for assessing the impac(of various
technical risks on the technical mission sticcessielri
For example, landed mission operations scenariosare
used to evaluate the effect of longer APXS opreiation
timmes on the achievement of other mission objective.,
SO overall technical mission success can be evalaated
With this information, the team leader can deternine

whetherthe marginalimprovement in technical mission
suceess iswor ththe additional risk mitigation costs.
Just asthe systems engincering processisiterative and
produces successive refinements of requircments,
designs, ctc., so is the risk management pProcess.
Qualitative. risk assessments arc performed first to gain
someinsights useful for relining the microrover design
and operations concept. These the.n evolve into more
quantitative analyses,

SUMMARY OF RISK MANAGEMENT
A("T1VITIES/STAUS

This section discusses current status of the MEFEX
with respect to cost, technical performance, schedule,
and operability 1isk.

Cost Risk. Tt ¢ Mict orover Cost Uncertainty
Questionnaire is the instrument used to collect data on
cost risk.  The information collected i n these
questionnaires was infended to @ (1) determine cost
uncertainty status, (2) identify the elements
contributing to the cost uncertainty, (3)estimate the
probability of the MFLIX's life-cycle cost being less
thanthe $25M (RY$) cost cap, and (4) identify changes
in uncertainty over time, It was first administered in
July 1993 prior to the Design, Implementation and Cost
Review’ (DICR), and again in February 1994 prior to
the Independent Annual Review (I AR) of March 1994.

Figure 2 graphically illustrates the cumulative
distiibution function (caf) of MFEX s life-cycle cost at
the DICR andIAR. I'hc ¢df derived from the initid
July 1993 questionnaire indicates that the probability of
life-cycle cost being, less than or equal to its budget of
$25Mis 72 percent. Equivalently, the probability of
overrunning iS28 pereent, A comparison with the cdf
derived from the February 1994 questionnaire indicates
that while the expected cost (mean) increased, overall
cost uuncertainty was reduced. This is illustrated by an
metease in the slope of the cdf (or equivaently a
narsowing of the probability density function. ) A third
questionnaire iS planned to be administered in 1996 at
t he Assenbly, Test, and Launch operations (AT1.0)
milestone.

Technical Performance Risk: Technical
Peiformance MeasuresrMargin Management.
Individual Technical Per formance Measures (TPPMs)
haveremained relatively stable over time. MEEX is
vacking nine TPMs:



10y -

osd - -
o84 - - -
o7d. .
64
054 - - - .

04 4

Cumulative Probabllity

034 - -

024 - 7

0.0 <

-

e

$73.00 $24.00 $2500 $r600

SHYM

B S

$27.00 $28.00

Figure 2 CostUnce leinty Survey Results
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«  System (Rover -1 LMRE) Mass (ke)

«  Warm Electronics Box (Will) Volune (cm™?
x1cm)

»  Average 1)riving Power (watis)

. Worst Casc Peak Operating Power (watis)
Sol One Electrical Energy Consoinplion
(watt-hr)

Development + Ops Theral Cycles (nun ber
of Cycles)

[Jill' Data Flow (Mbits /day)

| >ata Storage - RAM (kbyte)

Control Memory - PROM (kbyic)

Each TPM isat or above its marginicquiicrnant at
this time. Figwe 3 graphically illustrates the format
used formargin display and shows the dechning,
margincquirements “ladder” over titne using S vst e
Mass (Rover + 1. MRE) as the example, Thetenniining,
TPM charts arc displayed in the appendicesin
References [3] and [4] to this paper T PM/Arar pin
report updates arc issued quarterly withincreneatal
updates as the design progresses.

Schedule Risk. InFY 94, schedule managenentas
based upon the usc of an integrated network schidile
Ibis was dropped as of April 1994 andr¢placedwitha
schedule based upon tracking, the subsysteorloyvel
Receivables and Deliverables (Rec/I 1<) 1 he main
reason theintegrated schedule couldnotbesnstined
was that the activities identified in the scheduleswere
at too detailed a level to be efficiently maiot-incd,
given the usc of a rapid prototyping developinent
methodology.  Furthermore, the US( of nuinctons
commercial parts required that many coraponcits be
adapted and qualified for usc in a space andMars
environment.  The schedule required for thic v as
difficult to anticipate, as the history conveyed Liclow
suggests.

The schedule status as of February 20,1995, bia-vd
on the July 1994 Baselinc Rec/Del plan, reveals 46
actual completed deliverables out of 54 plamied
completions (see Figure 4). This means thaionly 67/4%%
of the planned milestones have actuallybeen
Completed, I.ooking at schedule slips fioin avaricty of
perspectives basically reveals that MEFYXis cinenily
running from 4 to 5 weeks behind the July | $%4
Baseline schedule. The average number of (workidays
iatc for all milestones is 25 days. The aveiape duay:late
for all eritical path milestones is 22 days ‘i heaverape
days slipped for completed critical path milcsonesis
17 days, The aver-age days slipped forthe (hee
currently open itemsis 35 days. The ma i ciiticaliteins
at C the deliveries for the System Integration h” o 1.

(SIM) vehicle, which have so far slipped 21 days to
May15,1995. This is approximately equivalentto a
nine percentschedule slip as measured from April 1994
through the end of February 1995.
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Figure 4. MFE:X Ret/Del Accomplishment:
Planned Versus Actual

‘The schedulereser ve in the beginning, of Y94
was originally thice months, As of December 1994,
the reraining, system-level schedule reserve was onc
month. It appears that MFEX currently has no
schedule reserve except for possible. float inherent in
some individual deliverables. Given that in the past
yeat an overall schedule slip of nine percent has been
obseived, it shouldbe expected that some additional
slips will occurin the future. Because MFEX is ahigh-
risk mission, there is some flexibility in how the
niicrorover is tested. ‘1 ‘herefore, as part of a
contingency plan, a number Of subsystem level tests
tests have been identified for deletion from the
s¢hedule, and a sc hedule recovery plan is curr ently
being implemented



The main MFEX schedule drivess hav e bee , th
Mobility Subsystems, Warm Electronicsiiox iwiisi
and the Navigation rind Cent ol Subsystems elestronic
boards. Since April 1994, the WER has vudergone
major redesignto an insulation material of solidsihicol
acrogelinstead of one consisting of an aluminuon- bases
powder sandwich. In some early vibr ation tests il wa
found that the powdered insulation shified resulting i
undesirable temperature gradients. The resoliwoas
redesipn with additional supporting anaslysis i
delayed the build of a WER engincering model by thre
101Lihs,  Additional assembly-level therme! anc
vibration tests were aso scheduled inorde: to verify
the design and the acrogel insulation) material, which
bad not previously been used as thermalinsulation
Consequently, the WEB design was not ready foi the
beginning of the SIM build until December 199401 he
refitting of the Rocky 4 development/test vitacic mto
a software development model (SDM) was sche duled
to be completed and ready for sandbox testing by
September 1994 with the addition ofacomputyand
associated clectronics in  a printed chrenit 1hoavd
package. Declays in the development of this wot of
clectronics boards caused by parts availablility, e is
substitution (i. €., commercial equivalentforunzvailuhle
flight parts) and fabrication delays resulted il the
boa Ids being first available in December1 994,

The Rocky 4.6 vehicle was established as a S1hM
in January 1995. To provide anenvironniention
software developient, aversion of thesc elcctiomesin
a wirewr ap by assboard with conimercial pu
cquivalents was produced and integraf cd with the
Rocky sensors and chassis (creating Rocky 4.9),
Testing and evaluation of this substitute added (v1 thes
delay to the printed circuit board productionnhile
keeping other control and navigation subsy stein
developments on schedule.  Schedule impacts have
occurred in general because of time spent (1)
searching for- substitute parts/vendors that could et
schedule  requitements, (2 )  evaluating the
appropriatenessof certain commercial parts, andi ()
identifying, and accommodating vendor o1 der mnd
leadtinies for parts needed for prototype board bu ilds

Some lessons learned related to s¢ b Jdu e
management of missions like MFEX ai ¢ alrcady
apparent. | Juc to the rapid changes that arise inplans
in a task using rapid prototyping, scheduling s ite
kept at a fairly highlevel so that the costof upde iy
the network schedute database is not buidensomeA
better approach to schedule management for tasks ik
MFPEX is (1) finalize the Rec/Dellist, (2) aprec ontie
inter-subsystem and external product interfaces, an i

then (3) construct a hiph-level integrated schedule. The
Ree/Dellistis curently MFEX's only formal schedule
managenient technique. However, it is not possible to
discern fram a Ree/bel schedule what the real schedule
drivers are as these lie a least one level below the
subsystem external deliverables.

A sccond lesson learned is that a standard schedule
management  tool mustbe identified from the very
beginning of the task.  Lastly, very large schedule
margins need to be established in the early phases of
the Class 17 project to allow for the extensive schedule
unceltainty associated with the testing requirements of
commercial par ts } low large isnot yet clear, but three
months of margin as late as the beginning of FY94 was
not enough

Operability Risks. The primary tool used to devise
sensible operations concepts for the microrover is a
deterministic simulation of the events that form landed
m is sion oper ations scenar ios.  These simulations,
which arc cmbodicd in Excel spreadsheets, me used to
estimate how many sols it requites to achieve the
mission success ctitet iadefined in Section 1.2 above.

The Danded Mission Risk Assessment Survey,
petformed 011 a one-time basis in August 1993 and
r eportedin he fust Risk Management Progress Report,
identified the highestrisks to MFEX mission success.
(See Section 2.2, Table 2.1 in Risk Management
Progress Report, JP1, 1)11 181-1, December 1993.)
Forall of the top risks, potential operational
response/t ecovery st ategies were developed as part of
the risk mitigation effort. The logical step is to insert
off-nominal conditions into the deterministic scenario
simulations, and calculate the effects On the landed
mission timeline taking, into account any operational
1esponse/iecovery strategies.

Of the top 15 1isks, four involve the failure of
some pottionof theuplink/downlink capability on the
miciorover 01 Mars Pathfinder lander (c.g., the lander
HGA could fail to deploy), and eight involve physical
obstructions to mictorover deployment. The operations
r esponse/tecovery strategies for the former involve (1)
pie-stored command sequences, which arc activated
autonomously, and (2) workarounds utilizing
alternative means to communicate or collect data. in
the latter set of risks, tesponse/recovery strategics
involve slowing opcrations to allow more time to take
and analyzc images before attempting deployment. In
any case, the amount of time needed to complete
various mission tasks increases, which in turn affects



The main MFEX schedule drivers have b cen the
Mobility Subsystcms, Warm Electronics Box ( W B
and the Navigation and Control Subsysters clectrorics
boards. Since April1994, the WERB has undcigone s
major redesign to an insulation material of solid silion
acrogel instead of one consisting of analuminum: based
powder sandwich. In some early vibration tests, ity as
found that the powdered insulation shifted resu Iting in
undesirable temperature gradients.  The resultwaca
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refitting of the Rocky 4 development/test vehicheinta
a software development model (SDM) was scheduied
to be completed ant] ready for sandbox testing, by
September 1994 wi(h the addition ofa computeiand
associated electronics in a printed cu cuitboard
package. Declaysin the development of this set of
clectronics boards caused by parts avail ablility, peits
substitution (i.e., commercial equivalent forunavailable
flight parts) and fabrication delays resulted inihe
boards being firstavailable in December | 994,

The Roeky 4.6 vehicle was establishcdass S1HM
inJanuary 1995. ‘1’0 provide anenvirontnentior
software development, a version of these electronics in
a wirewrap brassboard with comme cial part
equivalents \vas produced and integratcd withtie
Rocky sensors and chassis (creating Rocky 4.5).
Testing and cvaluation of this substitutcaddedfurthr
delay to the printed circuit board productionwhile
keeping other control and navigation subsy stcin
developments o11 schedule.  Schedule ingpacts have
occurted in general because of time spent (1)
searching for substitute parts/vendors that conld m it
schedule  requirements,  (2) evaluating tic
appropriatencss of certain commercia paris. and ()
ident ifying and accommodating vendor or dei and
leadtimes for parts needed for prototype board builds.

Some lessons learned related 10 schedu e
management of missions like MEFEX ai¢alicady
apparent. Due to the rapid changes that arise inplans
in a task using rapid prototyping, scheduling musthe
kept at a fairly high levelso that the cost of updating,
the network schedule database is not burdensonie. A
better approach to schedule management fortacks bl ¢
MFEEX is (1) finalize the Ree/Del ligt, (2) agice onthe
inter-subsystem and external product inlet faces ar-d

then (3) constructa hiph- levelintegrated schedule. The
Ree/Del listis currently MIF EX's only formal schedule
management technique. 1 lowever, it is not possible to
discern from aRec/Del schedule what the. real schedule
drivers are as these lie at least one level below the
subsystem externa dcliverables.

A second lesson lcarned is that a standard schedule
management tool must be identified from the very
bepinning of the task.  Y.astly, very large schedule
margins need to be established inthe early phases of
the Class 1) project 1o allow for the extensive schedule
unees tainty associated with the testing, requirements of
commnercial patts. } low large is not yet clear, but three
monthis of margin as late asthe beginning of 1'Y94 was
not cnough,

Operability Risks. The primary tool used to devise
sensible operations concepts for the microrover is a
detenninistic simulation of the events that form landed
missiorroper-ations s cenarios.  These simulations,
which arc embodied inlixcel spreadsheets, arc used to
estimate how many sols it requires to achieve the
mission success criteria defined in Section 1.2 above.

‘1 hel.anded Mission Risk Assessment Survey,
performed 011 a one-time basis in August 1993 and
reportedin the first Risk Management Progress Report,
identified the highestrisks to MIFEX mission success.
(See Section 2.2, Table 2.1 in Reference [3].) For al of
the top risks, potential operational response/recovery
strategies were developed as parf of the risk mitigation
effort ‘' helogicalstep is to insert  off-nominal
conditions into the deterministic scenario simulations,
and calculate the effects on the landed mission timeline
taking into accountany oper at ional response/recovery
strategics.

Of the top 151isks, four involve the failure of
some portion of the uplink/downlink capability onthe
micror ovet or Mars Pathfinder lander (e.g., the lander
HG A could fail 1o deploy), and eightinvolve physical
obstructions to microtover deployment. The operations
responsefrecovet y strategics for the former involve (1)
pre-stored command sequences, which arc activated
autonomously, a n d (?) workarounds utilizing
altcrnative means o communicate or collect data. In
the latter set of 1isks, 1csponse/recovery strategies
involve slowing opt] ations to allow more time to take
audanalyze images before atteinpting deployment. In
any casc, the amount of time needed to complete
various mission tasks increases, which inturn affects




the mictorovers ability o compete 10 1 a0 o

criteriad ue to s decreasing re bl

The focus of effort by the MEL Noream ance A
1994 has been on the development of the onoreoon
response/recovery strategies for sol 1oand wol 70
May 1995, the nonunal and off-nomind Tnded  reao
operations scenatios were presented <howr s nie pae
stored  sequences to be used i the oy o
uplink/downlink twmlores Inoprincple v e
calculate the probabrhity density of the lerid oo
suceess function, tooph at this tme . T
analysis are needed to do so. Additiona work on 1
landed misston success probability s plinod fo
FY906.

MEEX Risk Managcment Database Test thatabase
Ihe MEEX Risk Management Databasc it posnarny
means of documenting, all identificd NMULN 1o
desceribing the apphicd mitigations, and monor i thew
subsequent effectivity. When a mticanio 1o poose
mvolves a test, a Test Database recard 1 cvar J and
added to the Test Database.  An analvos of i
subsytenm data so far revealed that for areleive vooow
cost, a dramatic decrease i the expoected talo e rate
was achieved. The preliminary results Jisca - od 0w
exclude the cost of software testine, whichs oas
performed by the Navigation and Contto 070wt

igure 5 displays the estimate of the presa®y it of
failure for three subsystems at the bevinrimg o the
project and near the completion of the develonnent
tests. For each of the subsystems, the witic ] probs bihin
of failure ts derived from the Coglis sudyecrny esiimuaie
that a subsystem component would fala speoit ¢ s
{e.g. thennal, vibration, ete). the probabihrse o nlare
at the completion of the development tests v e on
the Coglbs subjective estimate that o wabsos o
component would survive the envito e 1 ey
tested on Aars. The component-level protad v
were combined (assummy imdependence oo e
subsystem-fevel probabibity of faibme A v v asof
the project the probabilities of failure vanred 1oe 90
for the Mobility and Thermal Subsysten o 9 b e
Navigation and Control Subsystem 1wae o hoh
because of the use of numerous commcre 11 poois
which were basically unknown commodities by e
end of  development  testing, thy
probabilitics of faiture on Mars
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Figure &, Pre-and Post Test Subsystem
Failure Probability Estimates

el fallen o a tange of 10% to 20% . The only reason
the probability of future s still this high is that some
component-tevel testing was shipped to subsvstem-level
scceptance and qualification testing in order to save
money and schedule Tis expected that these tests will
venty the performance of the subsystem components
and fwrther Tower the probabilities of failure. 1o
example, the Telecommunications Subsystem must
tepackage  the modem to swvive the  vibration
covironment. The formal vibration test will be
performed as pat of the acceptance test activitics,
which will actually be conducted by the Mobility and
Fhermal Subsystem

FUTURE WORK

Futthe work wilkontinue the activities reported
chove,  cludine another Cost o Uncertaints
Questionnarre, TPMN trackimg. Ree/Del tracking, and
MIEEX Risk Manapcment Database/Test Database
expension. New o cfforts will be focused on the
mictotover Pailure Modes, Eftects, and Criticality
Analysis (FMECA)Y and its connection to operability
tisk - Specifically  work has begun onca model to relate
fatture rates to the (stochastic) thermal cyeling that
occors during the Martian sol. This will be integrated
with the Tanded mission operations scenatios so that
probabilistic missten success metrics can be calealated

as o hunction of e tottowing mictorover deploviment.
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